Defining the Focus of Attention: Effects of Attention on Perceived Exertion and Fatigue
=======================================================================================

The focus of attention has been a burgeoning area of research in human movement science for the last decade. There is considerable evidence that directing attention externally to the effect of a movement on the environment (e.g., focusing on the flight of a ball in golf) improves performance compared to focusing internally on bodily movements involved in the execution of the motor skill (e.g., focusing on the motion of the arms in a golf swing). The advantage of an external focus of attention over an internal focus has been well documented across a wide variety of skills (for reviews see Wulf, [@B61]; Lohse et al., [@B32]). Furthermore, a number of studies have shown an external focus of attention, induced through instructions and feedback by the experimenter, improves performance relative to uninstructed control conditions (McNevin and Wulf, [@B38]; Wulf and McNevin, [@B65]; Wulf et al., [@B67]; Landers et al., [@B23]), and the advantage of focusing externally holds true for recovering/performing motor skills in clinical populations, such as stroke (Fasoli et al., [@B17]) and Parkinson's disease patients (Landers et al., [@B23]; Wulf et al., [@B64]).

This research suggests that focusing externally is optimal for motor learning and skilled performance, although there is some debate about the optimal focus of attention for experts compared to novices. Research on how the focus of attention interacts with skill-level finds that experts can focus more externally, farther down the kinetic chain of events, than novices, who must focus more proximally (Wulf and Su, [@B66]; Bell and Hardy, [@B5]; or potentially internally; Perkins-Ceccato et al., [@B44]).

The exact mechanisms that underlie the effects of attention on skilled performance are not clear, but it has been suggested that focusing attention internally creates top-down constraints on the coordination of movement (known as the *constrained action hypothesis*; Wulf, [@B61],[@B62]). Research on muscle stiffness (Lohse et al., [@B31]) and movement variability (Lohse et al., [@B30]) suggest this might be at least partly true. However, we would contend that both an external focus and an internal focus place top-down constraints on the coordination of the motor system, the critical difference is in what movement dimensions are being constrained; is precision being controlled in bodily dimensions or orthogonal goal-dimensions that emerge from the interaction of the bodily dimensions (Lohse et al., [@B30])? This is a subtle, but significance change to the constrained action hypothesis.

Both of these theoretical positions, however, agree that there is more to focusing externally than simply distracting attention away from the body's movements. These theories posit that rather than simply being distracted away from movement, attention must be focused on some effect-relevant dimension of the task, based on action-effect representations in the motor system (e.g., common-coding theory; Prinz, [@B47]). This position has been validated experimentally in studies that show subjects using a goal-relevant external focus of attention outperform subjects engaged in a distracting secondary task, who do no better than internally focused subjects (Wulf and McNevin, [@B65]; Castaneda and Gray, [@B8]). Thus, from the perspective of attention being directed internally or externally, distraction is not enough.

However, there is another, older body of research in human movement science dedicated to the focus of attention that studies attention in very different terms and focuses on distraction specifically. This research casts the problem of attention as a problem of what bodily/environmental cues a person should pay attention to in order to perform an arduous task successfully (Morgan, [@B39]; Weinberg et al., [@B60]). In this context of attention being directed to bodily/environmental cues, attention is described as either *associative* (focusing on bodily sensations involved in performance and more specifically, on physical sensations emanating from changes in temperature and muscular fatigue) or *dissociative* (a cognitive process of actively blocking out sensations of pain or discomfort related to physical effort; Weinberg et al., [@B60]).

Other researchers (Stevinson and Biddle, [@B54], [@B55]) have added more detail to create a classification system for attention to bodily/environmental cues, by adding dimensions of relevance (task relevant or irrelevant) and direction of attention (either internal or external) which describes the locus of attention with respect to the body. Although the details of many of these models of attention are beyond the scope of this paper (see Leventhal, [@B26]; Leventhal and Everhart, [@B27]; Pennebaker and Lightner, [@B43]; Rejeski, [@B49]), in general these models suggest that there is competition between cues for access to awareness and attention can be directed either toward or away from certain cues (e.g., singing to myself while running rather than focusing on the burning in my quadriceps) by both top-down and bottom-up mechanisms (i.e., I can explicitly direct my cognition away from pain at sub-maximal thresholds, but as the exertion becomes more intense, bottom-up sensations play a larger role in determining the focus of attention; Tenenbaum, [@B57]; Ekkekakis, [@B15]).

Research on the optimal focus of attention (as associative or dissociative) has come to mixed conclusions. Some studies show higher ratings of perceived exertion (RPE) with an associative focus (Tammen, [@B56]; Schomer and Connolly, [@B51]; Baden et al., [@B2]). Other studies show higher RPE with a dissociative focus (Deligniéres and Brisswalter, [@B14]; Russell and Weeks, [@B50]; Brewer et al., [@B7]; Beaudoin et al., [@B3]), and still other studies show no difference (Weinberg et al., [@B60]; Harte and Eifert, [@B20]; Couture et al., [@B11], [@B13]).

Other studies have focused on the effects of attention on physiological variables such as heart-rate and oxygen consumption. Again, the effects are mixed. Many studies have found no effect of attention on heart-rate or blood pressure (Pennebaker and Lightner, [@B43]; Weinberg et al., [@B60]; Johnson and Siegel, [@B22]; Hatfield et al., [@B21]; Baden et al., [@B2]). In contrast, Morgan et al. ([@B40]) found that in the first 5-min of an incremental test on a treadmill, a dissociative focus led to lower heart-rate compared with a control condition. At the end of the test, however, this difference was eliminated. Similarly, some research shows that associative attention leads to increased heart-rate (Connolly and Janelle, [@B10]), but not in all instances (Couture et al., [@B12]). Studies that have looked at the effects of attention on oxygen consumption (e.g., $V_{\text{O}_{2\text{\_}\max}}$ generally find no effect of associative or dissociative attention on respiration (Morgan et al., [@B40]; Smith et al., [@B53]).

Perspectives on attention
-------------------------

This brief review of the literature on the role of attention in motor learning and performance highlights an important problem: there are two largely separate branches of research studying attention in human performance that are (a) using identical language to describe different constructs and (b) do not integrate research from the other branch into their operational definitions, hypothesis, or theories. Consider when Wulf ([@B62]) uses the term external focus of attention to mean directing attention to the effect of an action on the environment contrasted with Stevinson and Biddle's ([@B54]) use of the term to mean directing attention to an environmental cue outside the body. In Wulf's case it is attention directed toward efference (i.e., the intention to act) and in Stevinson and Biddle's case it is attention directed toward afference (i.e., the perception of cues).

Although these different conceptualizations may be divorced from each other in the laboratory, clearly they are never divorced from each other in practice. Indeed, focusing externally on the effect of an action on the environment may also weight the perception of external cues from the environment more heavily than internal cues from the body. In this way, focusing externally in the intention to act might also shift attention to external cues as corollary. In order to improve the understanding of how attention operates in complex behaviors, researchers need to integrate these different branches of human performance research. This was part of the motivation for the current experiments; we wanted to test these different conceptualizations of attention against each other using a fatiguing athletic task, focused on force production.

Experiment 1
============

Only a few experiments have studied the effects of attention on force production (for a review see Marchant, [@B34]). Based on evidence that an external focus of attention could reduce muscle activity in a basketball free-throw shot, while simultaneously increasing accuracy (Zachry et al., [@B69]), researchers speculated that similar external focus instructions might influence tests of maximal and sub-maximal force production. This hypothesis has been validated experimentally by a number of studies showing that sub-maximal forces in elbow flexion could be achieved with reduced surface electromyographic (sEMG) activity in the elbow flexor muscles (Vance et al., [@B59]; Marchant et al., [@B36]). A study of maximal force production in the form of a vertical jump also found that center-of-mass displacement was greater while sEMG activity in the musculature of the legs was reduced as a function of focusing externally (Wulf et al., [@B63]). Other studies have found that external focus of attention increases center-of-mass displacement in jumping, albeit without sEMG analysis (Wulf et al., [@B68]; Porter et al., [@B46]).

In our own laboratory, we have focused of studying accuracy in force production and found that focusing externally not only increases accuracy in the production of sub-maximal forces, but that an external focus of attention also leads to reduced cocontraction between agonist and antagonist muscles in plantar flexion (evaluated at 30% maximum voluntary contraction, MVC; Lohse et al., [@B31]), and that training with an external focus of attention significantly improves the retention and transfer of accuracy in force production (evaluated at 25 and 50% MVC; Lohse, [@B29]).

Limited data is available for tasks that manipulate the focus of attention in prolonged force production or endurance. Marchant et al. ([@B35]) found that an external focus of attention (i.e., focusing on the motion of the bar vs. focusing on the motion of the body) significantly increased the number of repetitions to failure (with a load of 75% of maximum) in three different weight lifting exercises (presses on a Smith Machine bench press, a free weight bench press, and weighted squats). Schücker et al. ([@B52]) found that an external focus of attention (i.e., focusing on a simulated environment) significantly improved running economy while running at an intensity of 75% of $V_{\text{O}_{2\text{\_}\max}}$ compared to an internal focus on form and an internal focus on breathing. This finding must be treated with some caution, however, because the simulated environment was only present during the external focus condition. Thus, the effect of an external focus was confounded with the presence of external cues.

In the current study, we aimed to address the relative dearth of literature evaluating attentional focus effects in endurance tasks, and the lack of integration between studies of attentional focus as external/internal compared to associative/dissociative. Thus, in the current study, we created a task to test muscular endurance (a wall-sit; shown in Figure [1](#F1){ref-type="fig"}) that could be completed under three different conditions: an internal focus (which is by nature associative), an external-associative focus, and an external-dissociative focus. These foci are illustrated in Figure [1](#F1){ref-type="fig"} and explained in greater detail in the Section ["Method."](#s1){ref-type="sec"} The wall-sit is a common exercise in athletics across a range of age and skill levels and creates a considerable amount of fatigue in the leg muscles very quickly. To measure performance in the wall-sit task, we measured the time that subjects could maintain the wall-sit position (referred to as time to failure) and subjects' self-reported RPE (assessed using a 15 point Borg scale; Borg, [@B6]).

![**A schematic representation of the experimental design, showing the three different attentional foci**. The internal, external-associative, and external-dissociative foci were all used in Experiment 1. Only the internal and external-associative foci were used in Experiment 2.](fpsyg-02-00332-g001){#F1}

Method {#s1}
------

### Participants

Data were collected from 40 healthy, physically active subjects at the University of Colorado. Of these, 21 were male and 19 were female. All subjects reported regularly engaging in exercise (three or more sessions per week) and six of the subjects played club sports at the university (varsity athletes were excluded from this study). The average age of the subjects was 19.25 ± 1.28 years (SD). (Demographic subject data are shown in Table [1](#T1){ref-type="table"}.) Subjects were recruited through introductory psychology classes and participated in the experiment to fulfill course credit requirements. The study protocol was approved by the University of Colorado Institutional Review Board and all subjects gave informed consent prior to the experiment; subjects were naïve to the purposes of the experiment.

###### 

**Summary of experimental and demographic data from Experiment 1**.

                     Group 1 (*n* = 20)   Group 2 (*n* = 20)                  
  ------------------ -------------------- -------------------- -------------- ---------------
  **VARIABLE**                                                                
  Time (s)           91.35 ± 29.08        84.98 ± 26.87        93.81 ± 36.3   86.54 ± 30.61
  RPE~initial~       8.25 ± 1.94          9.07 ± 2.27          8.92 ± 1.86    9.27 ± 2.46
  RPE~final~         17.55 ± 1.61         17.45 ± 1.65         16.90 ± 2.13   16.93 ± 1.83
  **DEMOGRAPHICS**                                                            
  Age (years)        19.20 ± 1.61         19.05 ± 0.88                        
  Height (cm)        173.41 ± 6.86        169.42 ± 11.80                      
  Weight (kg)        69.90 ± 11.27        63.67 ± 12.29                       

*Table reports mean values ± SD*.

### Design

After being given informed consent, the nature of the task was described to subjects. Subjects were told that they would do a "wall-sit, also known as an air-chair. You will stand with your back flat against the wall, walk your feet out until your knees and ankles are both at a 90° angle and then hold this position for as long as you can." Most subjects reported being familiar with the task from previous athletic experience, but all subjects completed a short habituation trial (lasting 10 s) prior to the start of the experimental trials. In the habituation trial, subjects first had reflective anatomical markers placed on the knee (at the lateral condyle of the femur) and the hip (greater trochanter of the femur) on each leg. Reflective markers were also placed on pylons 1.5 m in front of the subject (as shown in Figure [1](#F1){ref-type="fig"}).

Analog goniometers (Prestige Medical, Northridge, CA, USA) were used to make sure the knee and ankle angles were within 90° ± 5° at the start of the trial. While holding this posture, subjects were given the following instructions, "Visually focus on the fixation point on the opposite wall \[the experimenter gestured toward the opposite wall\], while trying to keep your back flat against the wall. Also, you may not rest your hands on your legs, your hips, or against the wall behind you." Subjects were allowed to select any other position for their arms that felt the most comfortable, with most subjects simply letting their arms hang at their sides, but with some crossing their arms over their chest. Subjects could freely choose the position of their arms, but had to maintain the same position for all trials.

After completing the habituation trial, all subjects received the following instructions, "Today we will ask you to do wall-sits under two different conditions. You will only do two trials, and you will have a long rest period in between each one. The reason for a limited number of trials and a long rest period is that we want you to try your best to hold the wall-sit posture for as long as possible. Do not try to pace yourself; try your best on each trial. It is completely up to you when you want to end a trial. When you feel like you cannot hold the posture any longer, say 'Done' and then stand up or sit all the way down and the trial will be over. However, we do want you to make the trial last as long as possible."

Following these instructions, subjects began the experimental trials. The focus of attention was manipulated within-subjects (all subjects did one internally focused trial and one externally focused trial in a counterbalanced order) and the type of external focus was manipulated between subjects (half of the subjects had an external-associative focus and half of the subjects had an external-dissociative focus).

#### Internal focus instructions

For the internal focus (completed by all subjects), subjects were reminded to visually focus on the fixation point on the opposite wall but, "to mentally focus on the position of your thighs, trying to keep them parallel to the floor to minimize any movement up and down." Once the trial began, subjects were given feedback on the time every 30 s and reminded of their focus by being told to, "focus on the position of your thighs, trying to keep them parallel to the floor."

#### External-associative focus instructions

For the external-associative focus (completed by half of the subjects), subjects were reminded to visually focus on the fixation point on the opposite wall but, "to mentally focus on the drawing imaginary lines between the markers from your knee to your hip, trying to keep the lines parallel to the floor to minimize any movement up and down." Once the trial began, subjects were given feedback on the time every 30 s and reminded of their focus by being told to, "focus on the position of the lines, trying to visualize them parallel to the floor."

#### External-dissociative focus instructions

For the external-dissociative focus (completed by half of the subjects), subjects were reminded to visually focus on the fixation point on the opposite wall but, "to mentally focus on the drawing imaginary lines between the pylons in front of you, trying to keep the lines parallel to the floor to minimize any movement up and down." Once the trial began, subjects were given feedback on the time every 30 s and reminded of their focus by being told to, "focus on the position of the lines, trying to visualize them parallel to the floor."

For all trials, after the instructions were given, subjects gave verbal confirmation that they understood the instructions and had to paraphrase the instructions back to the experimenter to verify they understood what was being asked of them. All subjects verified that they understood the instructions and were able to paraphrase task instructions for both the internal and external focus conditions. Thus, although it is not clear precisely how subjects used the internal/external focus strategies, subjects understood what was being asked of them in each condition.

### Apparati and measurement

After verifying that subjects understood the instructions, subjects began their first experimental trial. Subjects stood with their back flat against the wall and visually focused on the fixation point on the opposite wall. Subjects then walked their feet out away from the wall until their knees and ankles were in the 90° ± 5° range and the experimenter started the trial by starting the hand timer (S141, Seiko, Tokyo, Japan) and saying, "Begin." Every 30 s, the experimenter would remind subjects of the experimental focus and update subjects on the time. The experimenter visually monitored the position of the subjects legs, within the 90° ± 5° tolerance, and subjects gaze, staying visually focused on the fixation point, throughout the trial. Subjects would verbally stop the trial by saying, "Done" when they reached the point of voluntary exhaustion. The time from the start of the trial to the end of the trial was defined as *time to failure* (measured in seconds).

At the end of each trial, the experimenter verbally surveyed subjects about their *RPE* using a 15 point scale (Borg, [@B6]). Subjects gave subjective RPE scores for how difficult the wall-sit felt in the first few seconds of the trial (RPE~initial~) and at the very end of the trial when they had to stop (RPE~final~). Between trials subjects were allowed to rest for a minimum of 5 min or four-times the length of the previous trial (whichever time resulted in a longer rest period). Subjects were told this was the minimum time they had to rest between trials, but could take more time if they did not feel fully recovered. No subjects elected to take additional rest.

### Analysis

Two dependent variables (time to failure and RPE) were analyzed. Time to failure was analyzed in a 2 × 2 × 2 mixed-factorial ANOVA, with a within-subject factor of Focus (internal vs. external) and between-subjects factors of Order (external then internal or internal then external) and External Focus Type (associative vs. dissociative). RPE was analyzed in a 2 × 2 × 2 × 2 mixed-factorial ANOVA, with within-subject factors of Focus and Time (RPE~initial~ vs. RPE~final~) and between subject factors of Order and External Focus Type. Trial number was not included as a factor, but is statistically equivalent to the Order × Focus interaction because the order of the internal and external focus trials was fully counterbalanced across all subjects. Only significant effects are reported in the Section ["Results."](#s1){ref-type="sec"} All other effects were non-significant (*p* \> 0.05).

Results
-------

For time to failure, there was a significant main effect of focus, *F*(1,36) = 4.94, *p* = 0.03, $\eta_{p}^{2} = 0.12,$ shown in Figure [2](#F2){ref-type="fig"}. Focusing externally led to significantly longer time to failure than focusing internally. Interestingly, this effect did not depend on the type of external focus adopted, because the interaction of focus and external focus type was not significant, *F*(1,36) \< 1. This suggests that an associative-external focus is equally effective as a dissociative focus in alleviating subject responses to fatigue. However, there was a significant interaction of focus, external focus type, and order, *F*(1,36) = 4.38, *p* = 0.04, $\eta_{p}^{2} = 0.10,$ shown in Figure [2](#F2){ref-type="fig"}. This interaction showed that, there was general trend for subjects to fatigue more quickly on the second trial. For the external then internal order, both external focus groups fatigued more quickly on the second trial. For the internal then external order, only the external-dissociative focus led to more rapid fatigue on the second trial. Interestingly, for the external-associative group, having the external-associative focus on the second trial seems to have alleviated the effects of fatigue, as their second trial was longer, on average, than the first trial. Although the interaction was significant, *post hoc* testing did not find any individually significant paired comparisons, although the advantages of the dissociative-external focus in the external--internal order and the associative-external focus in internal--external order approached significance (by Tukey's HSD, *p* = 0.09, *p* = 0.07, respectively). This interaction suggests there may be an advantage to an external-associative focus with increased fatigue. That is, with the external-associative focus, there is a larger advantage for focusing externally on the second trial.

![**Results of Experiment 1, showing time to failure as a function of attentional focus and externally focus type (A) and time to failure as a function of attention focus, external focus type, and trial (B)**. Trial numbers are shown at the bottom of each bar. Error bars show between-subjects SE.](fpsyg-02-00332-g002){#F2}

Analysis of subjects' RPE showed a significant effect of time, *F*(1,36) = 716.91, *p* \< 0.001, $\eta_{p}^{2} = 0.95,$ such that RPE~initial~ was significantly lower than RPE~final~. There was a significant interaction of focus and order, *F*(1,36) = 44.69, *p* \< 0.001, $\eta_{p}^{2} = 0.55,$ showing that the difference in average RPE between focusing internally and externally increased on the second trial (see Figure [3](#F3){ref-type="fig"}). Furthermore, there was a significant interaction of focus, order, and time, *F*(1,36) = 4.23, *p* = 0.04, $\eta_{p}^{2} = 0.11,$ such that on the first trial, if subjects were focusing externally their RPE~initial~ was lower than subjects focusing internally, but there was no difference in RPE~final~. On the second trial however, RPE~initial~ and RPE~final~ were both lower for externally focusing subjects (although individual paired comparisons showed that RPE was lower for the external focus compared to the internal focus in all cases, *p*s \< 0.05, see Figure [3](#F3){ref-type="fig"}). (Experimental and demographic data for Experiment 1 are summarized in Table [1](#T1){ref-type="table"}).

![**Results of Experiment 1, RPE as a function of trial number, attentional focus and time (initial few seconds of the trial vs. final few seconds of the trial)**.](fpsyg-02-00332-g003){#F3}

Discussion
----------

Experiment 1 showed a clear benefit for focusing externally in both subjects' time to failure and subjects' perceived exertion during the task. Interestingly, subjects benefited from an external focus in both the associative and dissociative conditions. This result has important implications because it suggests that the primary benefit of focusing externally in this task was using distraction to block out internal sensations of fatigue which are made more salient by focusing internally (as shown in subjects' RPEs). Furthermore, this result is important because it expands on previous research on attention by showing that an external-associative focus, even though superficially very similar to the internal focus, increased time to failure and decreased RPE. This suggests that subjects can approximate an internal focus with a functionally similar but external focus. This is an important finding from an applied perspective because it suggests a mechanism by which coaches and athletes can reap the benefits of both focusing externally and focusing internally by using a nominally external focus that is analogous to an important internal variable. During rowing for instance, focusing on one's own body mechanics might increase the salience of internal cues and thus increase perceptions of fatigue, but focusing on an analog for one's mechanics (similar to the external-associative focus) might allow for attention to be paid to control of the motion, while decreasing the salience of internal cues and decreasing perceptions of fatigue.

Experiment 2
============

The dual-mode model (DMM) of attention (Ekkekakis, [@B15]) suggests that at higher levels of fatigue, bottom-up processes direct attention more strongly than top-processes. That is, as pain or fatigue increase, internal, bodily signals of pain will dominate attention, even when an athlete is trying to maintain a dissociative, external focus on something in the environment. The DMM is supported by evidence that at low to moderate levels of exercise, there is a positive increase in the valence of basic affect, as well as a increase in the orthogonal dimension of activity (Raglin and Morgan, [@B48]; Ojanen, [@B41]), whereas at near-maximum levels of intensity, the shift in affective valence is uniformly negative (Acevedo et al., [@B1]; Parfitt et al., [@B42]). At moderate levels of exercise intensity, there are large inter-individual differences, with some subjects showing a positive shift in affect and other negative (Van Landuyt et al., [@B58]). These are the trends *during* exercise at different levels of intensity; *post* exercise, the data suggest a general positive shift in basic affect (Ekkekakis and Petruzzello, [@B16]).

Weighting bottom-up cues more heavily at more intense exercise intensities could play an adaptive function, because negative shifts in basic affect are correlated with increased metabolic demand on the body (Hardy and Rejeski, [@B19]; Acevedo et al., [@B1]; Ekkekakis and Petruzzello, [@B16]). Also, given the neural separability of affective systems in the brain (LeDoux, [@B24], [@B25]), Ekkekakis ([@B15]) suggests that two modes of processing interact with each other to determine affective responses to exercise: (a) a top-down, cognitive system that is involved in appraising the meaning of exercise, self-perceptions, goals, attributions, and the social context of exercise, and (b) a bottom-up, interoceptive system that feeds forward different cues from a variety of receptors based on exercise relevant physiological changes.

While there is certainly evidence that with increased intensity, internal cues become harder to block out of attention, in Experiment 2 the goal was to demonstrate that even at high level of exercise intensity there is still considerable top-down influence on performance. To test this, we chose to use the wall-sit task described in Experiment 1, because (looking at the RPE~final~ data) this task clearly creates a very intense demand on the body. In Experiment 1, we showed that a cognitive manipulation, directing attention either externally or internally through verbal instructions and feedback (attentional focus reminders given every 30 s), improved or impaired performance respectively. In Experiment 2, our goal was to increase top-down influences on performance in this highly fatiguing task by manipulating subjects' expectations about the efficacy of their attentional strategy. That is, bias subjects to believe that either an external or internal strategy would be highly beneficial to their performance.

We hypothesized that biasing subjects to believe that an external focus is beneficial would substantially increase the benefit of focusing externally without bias. Further, we hypothesized that biasing subjects to believe that an internal focus is beneficial would reduce or even reverse the advantage normally found for focusing externally. These hypotheses were based on previous research showing the power of performance expectations using placebos in athletic tasks (Clark et al., [@B9]; Magnaris et al., [@B33]; Beedie et al., [@B4]; McClung and Collins, [@B37]; Foad et al., [@B18]). Most importantly, if bottom-up interoceptive information is the limiting factor on performance in this highly fatiguing task, we would expect no change in performance based on manipulating subjects expectations. Thus, if expectations augment or decrease the effect of attention, this would suggest a refining of the DMM, because top-down, cognitive factors would be influencing performance at very high levels of exertion.

Method
------

### Participants

Sixty healthy, physically active subjects at the University of Colorado were recruited to participate in Experiment 2. Of these, 27 were male and 33 were female. All subjects reported regularly engaging in exercise (three or more sessions per week) and nine of the subjects played club sports at the university (varsity athletes were excluded from this study). The average age of the subjects was 19.15 ± 1.31 years. (Demographic subject data are shown in Table [2](#T2){ref-type="table"}.) Subjects were recruited through introductory psychology classes and participated in the experiment to fulfill course credit requirements. The study protocol was approved by the University of Colorado Institutional Review Board and all subjects gave informed consent prior to the experiment; subjects were naïve to the purposes of the experiment.

###### 

**Summary of experimental and demographic data from Experiment 2**.

                     Ctrl -- no bias (*n* = 20)   Bias -- external-good (*n* = 20)   Bias -- internal-good (*n* = 20)                                   
  ------------------ ---------------------------- ---------------------------------- ---------------------------------- --------------- --------------- ---------------
  **VARIABLE**                                                                                                                                          
  Time (s)           91.35 ± 29.08                84.98 ± 26.87                      93.93 ± 51.59                      80.59 ± 45.46   76.39 ± 38.79   84.16 ± 48.98
  RPE~initial~       8.25 ± 1.94                  9.07 ± 2.27                        7.42 ± 1.49                        8.07 ± 2.01     8.42 ± 2.26     8.33 ±  2.28
  RPE~final~         17.55 ± 1.61                 17.47 ± 1.65                       16.27 ± 1.91                       16.97 ± 1.98    16.07 ± 1.83    16.97 ± 2.16
  **DEMOGRAPHICS**                                                                                                                                      
  Age                19.20 ± 1.61                 19.21 ± 1.71                       19.20 ± 1.28                                                       
  Height             173.4 ± 6.86                 171.3 ± 9.86                       170.8 ± 12.65                                                      
  Weight             69.90 ± 11.27                67.2 ± 12.67                       67.41 ± 11.94                                                      

*Table reports mean values ± SD*.

### Design

Subjects were divided into three groups, a *control* condition (in which subjects' expectations were unbiased), an *external-good* condition (in which subjects were biased to believe that focusing externally would be beneficial prior to the experimental trials), and an *internal-good* condition (in which subjects were biased to believe that focusing internally would be beneficial prior to the experimental trials). The experimental method was identical to that used in Experiment 1 for the external-associative group.

In order to induce biased expectations in the external-good and internal-good groups, subjects were shown data from a previous focus of attention experiment on isometric force production (Lohse et al., [@B31]; recreated in Figure [4](#F4){ref-type="fig"}) and given the following explanation from the experimenter (in this case for the external-good condition), "\[...\] These data show the results of a previous experiment on force production. The goal in this task was to produce a target force of 30% of that subject's maximum force, shown here \[experimenter points to force-trace in figure\] while recording muscle activity from the muscles of the lower leg \[experimenter points to soleus and tibialis sEMG-traces in figure\]. Subjects completed this task under two different conditions: an external focus, where subjects mentally focused on the platform they were pushing against, and an internal focus, where subjects mentally focused on their own leg. You can see that in the external focus \[again, gesturing to the figure\] the target force was produced with very little activity in the muscles of the leg. However, for the same subject trying to produce the same amount of force, the internal focus significantly increased muscle recruitment in the lower leg \[gesturing to figure\]. Thus, an external focus led to much more efficient muscle recruitment compared to an internal focus. In the experiment today, our goal will be to recreate this type of task using a wall-sit. You will do one external focus trial and one internal focus trial. We will begin with the \[external/internal\] focus trial \[exact wording depended on counterbalancing order\]." The internal-good bias condition received identical instructions only the labels "internal" and "external" were switched in both the verbal instructions and the figure shown to subjects.

![**A sample of materials used to bias subjects expectations in Experiment 2**. This particular image is a recreation of the result from Lohse et al. ([@B31]) showing improved muscle recruitment efficiency with an external focus of attention (inducing an *external-good* bias). The same image was used to induce the *internal-good* bias, only the labels were reversed in the figure and the explanation given by the experimenter.](fpsyg-02-00332-g004){#F4}

After these biasing instructions, subjects were given the specific instructions for the internal and external focus trials. Internal focus instructions were identical to those used in Experiment 1, and the external focus instructions were identical to the external-associative instructions in Experiment 1. Once the trial began, subjects were given feedback on the time every 30 s and reminded of their focus. For all trials, subjects gave verbal confirmation that they understood the instructions and had to paraphrase the instructions back to the experimenter to verify they understood what was being asked of them. A long rest period separated the first trial from the second trial (either 5 min or four-times the length of the first trial, whichever was longer). Again, this was the minimum time that subjects were required to rest, but could request more time if they were not fully recovered. No subjects elected to take additional rest.

### Analyses

Time to failure and RPE data were collected in an identical method to Experiment 1. The external-associative group from Experiment 1 served as an unbiased control group for Experiment 2. Thus, in the time to failure analysis there was a 2 × 3 × 2 mixed-factorial ANOVA, with within-subject factors of Focus (external vs. internal) and between subjects factors of Bias (control, external-good, or internal-good), and Order (either the external trial then the internal trial, or internal then external). For RPE, the was a 2 × 2 × 3 × 2 mixed-factorial ANOVA, with within-subject factors of Time (RPE~intial~ vs. RPE~final~) and Focus, and between-subject factors of Bias and Order. Only significant effects are reported in the Section ["Results."](#s1){ref-type="sec"} All other effect were non-significant (*p* \> 0.05).

Results
-------

Analysis of subjects' time to failure revealed a significant interaction of focus and bias, *F*(1,54) = 7.13, *p* = 0.002, $\eta_{p}^{2} = 0.21,$ shown in Figure [5](#F5){ref-type="fig"}. This significant interaction revealed that the time to failure was 6.8 s longer for the external focus compared to the internal focus in the control condition, this difference was augmented in the external-good bias condition to 13.35 s, and in the internal-good bias condition this relationship reversed, so that the time to failure was 7.76 s longer with an internal focus compared to an external focus. *Post hoc* Tukey's HSD testing revealed the difference between external and internal foci approached significance in the control condition (*p* = 0.051), was highly significant for the external-good condition (*p* = 0.004), and was not significant for the internal-good condition (*p* = 0.081).

![**Results of Experiment 2, showing time to failure as a function of attentional focus and bias condition (A) and ratings of perceived exertion as a function of attentional focus and order (B)**. Trial numbers are shown at the bottom of each bar.](fpsyg-02-00332-g005){#F5}

Analysis of subjects' RPE revealed a significant main effect of focus, *F*(1,54) = 4.22, *p* = 0.038, $\eta_{p}^{2} = 0.08,$ such that RPE ratings were lower for the external focus than the internal focus, on average. Focus significantly interacted with order, *F*(1,54) = 17.31, *p* \< 0.001, $\eta_{p}^{2} = 0.24,$ such for subjects in the external--internal order, RPE for the external condition (*M* = 12.05) was significantly lower than the internal focus condition (*M* = 13.08; *p* \< 0.001). In the internal--external order, however, the two conditions were not significantly different from each other (External = 12.61, Internal = 12.30; *p* = 0.19). See Figure [5](#F5){ref-type="fig"}. This is in contrast to Experiment 1, in which the external-associative focus actually increased the difference between external and internal conditions when performed after the internal focus condition. This discrepancy needs to be addressed in future research, especially because the Focus × Order interaction in Experiment 2 averaged across three different groups, two of whom were biased by the experimental manipulation. Because no such manipulation took place in Experiment 1, it is difficult to directly compare the results of the two experiments.

Furthermore, there was a significant three-way interaction of focus, bias, and order, *F*(2,54) = 4.98, *p* = 0.011, $\eta_{p}^{2} = 0.16$. Shown in Table [2](#T2){ref-type="table"}, this interaction reveals that control subjects had lower RPE in the external focus condition in both orders, but this effect was only significant in the external--internal order (*p* \< 0.001 in the EI order; *p* = 0.06 in the IE order). For external-good biased subjects, the external focus led to lower RPE only when the external focus trial was completed first (*p* \< 0.004), when the internal focus trial was completed first, the difference in RPE all but disappeared (*p* = 0.61). For internal-good biased subjects, there was essentially no difference in RPE ratings when the external focus trial was completed first (*p* = 0.90), or when the internal focus trial was completed first (*p* = 0.54). Finally, there was also a highly significant effect of time, *F*(1,54) = 762.17, *p* \< 0.001, $\eta_{p}^{2} = 0.93$, such that RPE~intial~ ratings were much lower than RPE~final~ ratings. (This effect of time, and a summary of the experimental and demographic data from Experiment 2 are shown in Table [2](#T2){ref-type="table"}.)

Discussion
----------

Experiment 2 showed a clear modulating effect of expectations on attentional focusing instructions. Although there was generally an advantage for focusing externally, as shown by the control group, this advantage can be augmented by biasing subjects' expectations about how effective an external focus of attention is. Conversely, this effect can also be wiped out by biasing subjects' expectations to believe that an internal focus is more advantageous. Importantly, attention affected not only subjective perceptions of exertion but also was shown to improve or impair objective measures of performance in subjects' time to failure.

The finding that manipulating subjects' expectations can have such profound effects on performance in a task with very high levels of exertion is not a contradiction of the DMM model of attention (Ekkekakis, [@B15]), but does suggest that the DMM needs to be refined, because top-down, cognitive factors clearly influence performance even at very intense levels of exertion (subjects' RPE~final~ averaged 16.88 when the maximum was 20). One issue that Experiment 2 did not address was how much of the advantage of external focus and expectation was due to efference and how much of the advantage was due to afference. To put it another way, from Experiments 1 and 2 we know that an external focus led to reduced perceptions of fatigue coincident to increased time to failure in a strenuous task. Thus, the mechanisms by which attention and expectancy were operating to improve performance are potentially perceptual. However, as the data from Lohse et al. ([@B31]) showed, attention can have significant effects of the efficiency of muscle recruitment, so it is possible that inefficient motor unit recruitment could have played a role in the current task as well. From these results, it is unknown if the decrease in RPE with an external focus represents any actual decreased muscular fatigue or if different attentional strategies changed only the subjective perception of fatigue. Because the current study made no physiological measurements of muscle fatigue, the current data cannot answer this question. However, this a very interesting area of future research because previous studies of expectations of performance in athletic tasks have not measured muscle activity (e.g., Magnaris et al., [@B33]; McClung and Collins, [@B37]; Foad et al., [@B18]). Thus, future research using expectancy manipulations and electromyography will be needed to disentangle the role of objective physiological fatigue and subjective perceptions of fatigue.

These findings have applied significance for coaches, athletes, and therapists. Focusing externally generally improves a person's performance, but it is critical to address the individual's belief in the effects of attention. When subjects are focusing externally and they expect that focusing externally will facilitate performance (as it often does; Lohse et al., [@B32]) they do better than when focusing externally alone. The flip side of this effect is that even when focusing externally, if a subject does not believe that focusing externally is particularly useful (or in our case the subject believes that the internal focus is the most useful) the benefits of attention can be washed out by the effect of expectation.

This is one of few studies to address how the cognitive, affective, and motor systems interact (with manipulations of attention, expectations, and force production, respectively) and although it has led us to some exciting conclusions and new ideas about how these system work together in athletic performance, it is a study of a relatively limited task. Future research should work to address the integration of social, cognitive, affective, and motor systems in more diverse skills (continuous, discrete, ballistic, etc.) in order to understand the boundary conditions of these effects. Having a detailed taxonomy of how cognitive and affective variables affect performance in different domains of motor skills is important from a basic science perspective because it allows researchers to understand how these different systems influence behavior, but it is also supremely important from an applied perspective because in real-world motor behavior (e.g., athletics, rehabilitation, daily motor tasks) these systems are intricately and dynamically integrated.

Conclusion
==========

This work confirms the efficacy of external focus of attention relative to an internal focus of attention, but adds new information to our understanding of attention in athletic performance and specifically during fatigue. Experiment 1 demonstrated focusing externally increased subjects' ability to resist fatigue, in part because an external focus reduced perceptions of fatigue, possibly as a result of distraction away from internal cues/sensations of fatigue. Furthermore, the use of an associative- and dissociative-external focus made no difference, and both external foci were significantly better than an internal focus. These results might change in a task with greater overt movement or when a specific environmental goal needs to be produced (e.g., Wulf, [@B62]), whereas in the current task the goal was simply to resist fatigue for as long as possible. However, given the similarity between the external-associative focus and the internal focus, this finding suggests a useful way to reap the benefits of both an external focus and internal focus through the use of a conceptually external focus that is roughly analogous to an internal focus (the use of analogies has been shown to improve motor skill learning and performance in other domains; Liao and Masters, [@B28]; Poolton et al., [@B45]).

Experiment 2 showed that the relationship between FOA and performance can be modulated by expectations (dilating the effects of focusing externally or reducing them substantially). Both of these studies highlight the importance of top-down control in skilled motor performance and suggest that even though the salience of bottom-up cues may increase during stress, top-down factors continue to have significant influence in resisting fatigue. Future work is needed, however, that uses objective physiological measures of fatigue to disentangle potential effects that expectations and attention might have on motor unit recruitment in this task (similar to the effects of attention on motor unit recruit found in previous studies; Lohse et al., [@B31]) from the effects that expectations and attention might have on the subjective perception of fatigue (as measured by RPE in the current experiments).
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